Abstract--We present our study on the magnetic field induced fluctuation effect in a highly textured Bi,Sr,Ca&u,O,, tape, based on the magnetization measurement. Extremely large induced excess diamagnetism in high fields was observed at temperatures down to 75 K. In weak fields, fluctuation significantly reduces the diamagnetism of this system just below T,. The role of this large extended fluctuation effect played in the application of Bibased superconductor family is discussed.
I. INTRODUCTION
Superconducting cuprates have layered structures, with short superconducting coherence lengths (4 -nm).
These characteristics result in very pronounced fluctuation effects. ' J Since the thermodynamic fluctuation is intrinsic to electronic structure of superconducting materials, it automatically sets a theoretical limit to practical applications. To evaluate the extent of this fluctuation effect on various properties of high-T, superconductors, particularly in magnetic fields, is the motivation of our work presented in this paper.
Unfortunately, there is no theory available as to correctly describe the mixed state of quasi two-dimensional superconductors with the consideration of fluctuation effects. Thus, it is not practically feasible to give an accurate calculation of the fluctuation effects on various properties of high-T, superconductors in magnetic fields well below T,.
However, based on our studies of superconducting Bi,Sr,Ca$u,O,, [Bi(:2:2:2:3)], a good estimation of the effects of the fluctuation could be made on some of the superconducting properties. Our approach is to compare the experimentally measured magnetization with the calculated magnetization following the Hao-Clem model3 and using the value of Ginzburg-Landau parameter K and H,(T) which are determined by application of this model in the temperature region where the fluctuation is insignificant. The result indicated large encess diamagnetic moments, which are induced by the fluctuations, in high fields. On the other hand, the fluctuation induces deficient diamagnetism for low fields just below T,.
EXPERIMENTS
The specimen used for this study is a 40 x 3 xO. 1 mm3 highly c-axis-oriented Bi(2:2:2:3) thin tape, made by K. Sato, et. al.,4 which has a T, of 107.5 K, with a transition width of 2.6 K, and is able to carry more than 30,000 A/cm2 transport critical current at 77 K and zero field. The magnetization measurements of this tape was carried out in a Quantum Design SQUID magnetometer, in magnetic fields applied parallel to the c-axis. Background signals and normal-state magnetization were carefully subtracted.', The data shown in Fig. 1 are of typical magnetization of Bi(2:2:2:3), plotted as a function of temperature taken at 1O00, 1oo00, and 5oo00 Oe.
RESULTS AND DISCUSSIONS
The theoretical basis of this work is the Hao-Clem variational model, which is an anisotropic Ginzburg-Landau theory, and covers entire field region between I-&' and I-&,.
In our previous study, we have demonstrated that the HaoClem model is applicable in describing the mixed state of Bi(2:2:2:3), except in the strong fluctuation region.', The fluctuation effects result in the diverging behavior of Ginzburg-Landau parameter K near T,, and a cross-over of various 4aM-versus-T curves at different fields.' By using the procedure described in Ref. 1, we obtained the thermodynamic parameters (for instance, K = 170, mean-field T, = 110.08 K, dH,JdT = -3.68 T/K near T,) of superconducting Bi(2:2:2:3), which excludes the fluctuation effects.
By using these derived parameters and Eq. 20 of Ref. From the fact that the valu is very low at even 1 Tesl likely the critical current lim lines. However, the for the useful J, eve drastically by some tion. This is due to the fact thi is intrinsic to quasi two-d materials.
In low magnetic fields, fluctuation reduces the diamagnetism, as displayed by the data taken at 1000 Oe. L. Bulaevskii, et a16 show that fluctuation of vortices in layered high-T, superconductors is the main reason for the reduction of diamagnetism at low fields, because of the extra entropy contribution to the free energy due to thermal distortions of vortices. The reduction of diamagnetism for Bi(2:2:2:3) was observed at temperatures down to 90 K, at fields as low as 200 Oe, within the experimental accuracy. Therefore, even at low fields, the vortices, which are presented in Bi-based superconductors, could give rise to dissipation and persistent-current decay, which is a significant factor need to be taken into account for development of superconducting electronics.
IV. CONCLUSIONS
The degree of the excess, or the reduced diamagnetism in superconducting Bi(2:2:2:3) due to the fluctuations has been studied based on the magnetization measurements and application of Hao-Clem model. At high fields, fluctuation of superconducting order parameter induces diamagnetic moments down to 75 K. At weak fields, the positional fluctuation of vortices is responsible for the reduction of diamagnetism down to 90 K. All these fluctuation could cause dissipation which is not favorable for the most of applications based on Bi(2:2:2:3) materials.
